We demonstrate that ordered arrays of metal clusters of a few nanometers in size can be fabricated by self-assembly on a range of oxide nanotemplates. Two systems were chosen, FeO/Pt(111) and Fe 3 O 4 , having in common a reconstructed close-packed oxygen surface layer. Deposition of various metal films results in the formation of nanosized clusters arranged according to the surface long-range order. Employing ab-initio calculations we discuss the observed mechanism of site-selective nucleation of the metal nanoclusters. Finally, we discuss the existence of wide family oxide templates that can be used for self-assembly growth of nanoclusters governed by the same rules. 
based on such nano-objects it is essential to have a large number of identical nano-objects acting in the same manner, i.e. representing a collective behavior [3] . Thus, an array of crystallites regularly arranged and of uniform size/orientation is a desirable medium. We present two examples of oxide nanotemplates for self-assembled epitaxial growth of nanocluster arrays [4] [5] [6] [7] [8] [9] , which demonstrate the possibility of tuning the size and spatial order of metal clusters. The following templates were investigated: FeO/Pt(111) and Fe 3 O 4 (111). All experiments were performed in UHV conditions at a base pressure of 2×10 -10 Torr. Metal ultrathin films were deposited by e-beam evaporation at room temperature using a quartz crystal balance monitor for thickness control. LEED and STM measurements were used to monitor the film quality. Constant current STM scans were performed at room temperature.
Oxygen-terminated Fe 3 O 4 (111) nanotemplate
In this experiment, a Fe 3 O 4 (111) single crystal and a 100 nm Fe 3 O 4 (111) film grown on MgO(111) were used (for growth conditions see [10] ). Both Fe 3 O 4 substrates were oxidised in 10 -6 Torr O 2 at 1000 K [11] . In the case of the Fe 3 O 4 /MgO film, the annealing time was only 2 min, to prevent significant diffusion of Mg to the surface. This results in a 4.2 nm superstructure covering almost the entire sample surface. As we have shown in our previous work [11] this represents an oxygen-terminated surface, which reconstructs under intrinsic stress creating a long-range order. The long-range order reveals a charge modulation along the surface seen in bias-dependent STM images (Fig1.a). As it has been found in [12] , this surface charge redistribution is due to surface strain governing the interaction between oxygen and iron. Thus the effective surface oxygen charge changes following the surface strain pattern. One can therefore expect significant variations in adsorption properties across the surface superstructure.
Deposition of Fe and Cr films results in the formation of regular arrays of nanoclusters on the magnetite surface (Fig.1b,c) . In the case of 0.5 Å and 1 Å film thickness, the clusters' height is 1 atomic layer (AL) [13] , whereas a 2 Å thick film results in 2 AL clusters formation, conserving the arrays regularity. LEED measurements (Fig.1c inset) suggest that the Fe and Cr clusters grow epitaxially as a sharp LEED pattern is obtained.
FeO/Pt(111) nanotemplate
The growth of a single FeO layer on Pt(111) results in a coincidence structure (Moiré pattern) of 2.6 nm periodicity [14] . The FeO film was formed by depositing 1Å of Fe on a Pt(111) substrate and post oxidising it in 10 -6 Torr O 2 at 1000 K for 2 min similar to [14] . Fig.2a shows Fe clusters nucleated on the surface after depositing 0.2 Å Fe film.
The clusters are well confined and repeat the surface superlattice. LEED patterns taken before and after deposition ( In the cases presented above, the reason for the long-range surface reconstruction is a structural instability: either due to a non-uniform oxygen lattice as in magnetite [11] , or caused by a film's mismatch with the substrate and surface polarity [17] . In some cases, the distortion in the oxygen lattice is evident from STM data [7, 11, 15] , while in others the existence of the strain in the surface layer can be deduced from the local variations in the stacking sequence. In particular, fcc and hcp local structures, which can be identified in the FeO/Pt(111) coincidence structure (Fig.2b) , relax differently resulting in a lateral strain modulation. Thus, geometry optimization of the single FeO layer on Pt(111) gives us two stable structures with different in-plane lattice constants of 3.1 Å and 2.8 Å. The first value is for FeO single layer relaxed on a fcc site and the second on an hcp site (Fig.2b) .
To understand the effect of the strain/distortion in the top surface layer we have performed DFT calculations for the FeO(111) laterally distorted structure [18] . The calculated values of adsorption energy for the Fe adlayer gives 1 eV stronger adsorption in the case of stretched FeO (3.1 Å), which is much stronger than the 0.1 eV adsorption energy difference between fcc and hcp FeO/Pt(111). This suggests that the local distortion has a greater effect on binding energy than stacking sequence variations. Fig.3 shows that charge transfer between the surface oxygen and the iron in the layer below depends on the lateral stress [12, 19] . This also explains surface charge modulation across the surface superstructure observed in our bias-dependent STM images (Fig.1a) and also in reference [20] . Therefore, we conclude that the lateral charge re-allocation caused by the Fe-O bond distortion results in a modulation of the surface binding energy within the surface superlattice, which gives rise to the preferential nucleation of the metal clusters.
Moreover, in contrast to easy oxidized metals used in our experiments, gold clusters preferential nucleation can only be observed at low temperature due to lesser adhesion as it has been demonstrated in [20] .
A close-packed oxygen termination is a common feature of Type 3 polar surfaces for (111) and (0001) orientations of oxide crystals [17] , so the other oxides of this family may display similar reconstructions. Among the experimental reports on long-range reconstructions of oxygen-terminated oxide surfaces we have identified a number of systems which fall into our nanotemplate family [8, 11, 14, 15, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Thus, FeO grown on Rh(111) [15] forms coincidence structure similar to FeO/Pt(111) but smaller periodicity of 1.4 nm due to large film/substrate mismatch. In some cases, growth of native oxide by oxidizing a metal substrate results in a formation of similar surface superstructure as been demonstrated in case of RhO 2 /Rh(111) and been exploited to form Fe-clusters arrays [15] . In all these examples the superstructure periodicity ranges from 1.4 nm to 4.5 nm. The future expansion of this list will give us the freedom of tailoring the nanoclusters in size and array spacing. Moreover, the different spin/electron transport properties of the substrates provide enormous potential for manufacturing highperformance magnetic and spin-transport materials and also for molecular engineering. 
